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PROBLEM TO BE SOLVED: To stably produce a grain 
oriented silicon steel sheet excellent in magnetic 
properties by subjecting a silicon steel slab, having a 
composition containing specific amounts of C and Si and 
further containing Al, Se, S in specific conpositional 
relations, to specific hot rolled plate annealing. 
SOLUTION: A slab of silicon steel, having a composition 
containing, by weight, 0.02~0.07% C and 2.5-4.5% Si and 
further containing Al, Se, and S so that 0.016<AI+5/9 
(Se+2.47S)<0.027% and Se+2,47S<0.025% are satisfied, 
is hot-rolled. The resultant hot rolled plate is subjected 
to hot rolled plate annealing at 800-1 OOO'C. Then, the 
hot rolled plate is cold-rolled once or two or more times, 
e.g. by a tandem mill at >100''C. The resultant cold 
rolled sheet of final sheet thickness is subjected to 
decarburizing annealing, and, after the application of a 
separation agent at annealing, finish annealing is applied. 
By this method, the grain oriented silicon steel sheet, in 
which magnetic properties are maintained superiorly, can 
be obtained at a low cost without applying positive intermediate nitriding. 
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(71) Msej 7i-aKA^:DiM0iQif^ 7[^Am7[DM aifa££ 

(72) m^n L]\^^ 

7[^Amm\k^ DliEAIOFAIiOiai^:^ UO! 

^DI-OmHi ^ei-AIJ3|A| DI^Amt- :?l-£FA|-D|EEi \m\ 7[-£W33|Ai|0!Q1!^ 
7[^MD\ymk^ ai^AIDI-AiiOILil^^ uoi 

DiLii^ 

7\^MJ}mom m^Mumom^^ uoi 

mB 2.mmm ^bi-aii^iai di^aidi- :^^£l■A^I^l£El jmAmmiim 

7h^A|DI7i-0IA|: □|£SA|0Ui!01Ci!^i^ UOI 

^B s^momPM ^Ef-AiuiA! □i^AiDi- 7i-£b\ni!£Ei \m\ jmAmkium^ 

7F¥AII]|:?miA{: Di^AIDWOIDII^ii: UOi 
(74) EHEiet H^Hd. ^S^J 



(54) ^^^t:^^j a^a^ 



^^Ai. 01 a^^. #eH^ Ah Se S 5^ ^'-t^^lf [All. [Se] S [S] (wt%) Dl! M Wl ^(1) 

^ ^(2)M ^^^tm. ^ti a'(3) ^ -^(4)^ oih: i^h-i- sh^tFoi, 

[A\{M)] +(5/9) {[Se(wt%)] +2,47 [S(wt^)]}< 0.027 ..,....(1) 

[Se(wt^)] +2.47 [S{wt%)] < 0.025............. ..(2) 

G.016 ^ [Al(wt^)] + (5/9) {[Se(wt%)] +2.47 lS(wt%)]h ...... (3) 

G.OlO < [Ai(wt^)]........... ..,................,........(4) 

ige- ±^m mx 014^ looor oi^KHiAi mm, q Hi-^'-si^h>ii^ ^jzi- as gie^is loo^c 

£1^ Al°l=. 3eS= ^ S^^SF k\7\ -^-^Bj ^i-?1ie UEl-LH^ nEH^. 
£2^ Al?f. Se?^ S SS=at- W<g2\ ^nm L\EM~ neH^. 
£3^ A!^^ Se?»= ^' S^f=]lf- A\7\ ^^HJ UEKH^ 3£H^. 
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Mm\ Amti mm^^ A!^^ se%^ a s%m uekk^ na^. 

£62. ^AiOIICHlAi AFgf:^ #EHM^ Am^ 3e°^ ^' UEKH^ HBH^. 

£7^ g Al t,i-^S=S^ ^JSAI^l H^-H ^^BJ ^^7111 UEH.H~ HHH^. 

B gaff's 2^B-£| IS SStMl 5!tJ- 51^SAi. s§| gfSSWi 

^ai^fS 3-5# a^i^EgO| ££*!• a?i10| 51?ilt|-OI oi-S*l-7ll 4= Sl^ ^'-HOli 5101 

ea-:?! ^ n sa^iss ai-§ep, xpi ^^o^ai 

E:?rsi3 a^7:i(g!tfifE):'h fei-s a soi ^iHSjo^ sa^n. 3 mi soil %ms^^ s-a-sj leh 
as a^acHi= ^wi ioo~3oomnej as ?,h)ii msi-oi ushs $ jz^erasm, 01 
01A1 01 gss^ 111 sa- isoi stfs 2si oife^Hi azi- sj-awi ^^oh sig a-^ms om. i-& 

* MSISIM E5om UAI 1%\ 5! ^^SS SIS 01-^51 tSSl-^ 

t.^ S§01 SP-fjEIIl SiD. 

'W\ W^m S0I7I ^ISHAI^ OI-^EI iS SSMA12J 27:1- ffllSOIIAI, Al-SfgOi^eJ 1 *0| S3 
§13 {m\ 1 S"?! (i^^l (Qqss orlentatlon)i2J ggSlg ^S-A|?t= 501 

sasm, oisi«> iiii»?i(}|i hem sail 27:^ xitis ssias oi^oixi^ g,™i-g ^^spi ^ishaio^ 

^^7|£|- g-S S§0| ilieiEIIl S(D, 

OlSitI 27:l- XHail saF^iae ^SA|9|7| ^ISIIAIS SB, g^¥l 0I2ISI \%\ XII1S2I g&g 5131 
§fe oiSIHIEIEHl MEI^ S^ei-IIE 37|S 3,^ gOII Md:l-AI?l^ 3J0I 01 a 

astei 3;s HnS, MrSe, AIN S VN gOia. 

Ak^*i- g-g|g, gsiiti-Moiu -saM^ ^sjsiuiEiM a?is Di;<iiMAhAi?i:?i ?IoL i-eh^ei ^3 
^EHM :?^gA|l)ll ojsiHiEiM nsdsijg) Aigi igAioii i!#Ai?i^ s-aol mm 

EHS 7\% SEtHI BISI-CH ef 200-cLI- SQ, OiE1*J- US #EHM eiSIUIEISJ SMS! ^tlAI 

(1) as imm m\J\ uii^chi anuAii! E^?l:'^ ^q. 

(2) Se ri:?||^0| a^^^SPI ^H. i #2HM X^5'0I a 7171 ^D, 

(3) SSHS IF&^&OI ^2ja, 

3EHAi, (2), (3)21 SJflM ^|1S^7| ?|*|| ^^^t & a^SI SE7F^S7h J'l # 

BHM 7H0II aIsEIII Si^LK OIIUXI W^"^ &SWA1 SB. SSia CHILiAl gCHS OlDISLfe SSIigOl 

a. 

^^i-^f^ fe«i.HsMoi s?ii 9i5iiAi^. 7fe®ttj- mm A! i^tg 33ls^= sioi as-ti 

01, Oie ^l^«A:iE gEHM 7hgA|2| OIIUAI i^ifS 3<:!!^0|C|-, 123 g ^%yg. 

7:raS|-2, AI-71 Wm S5 SE£! SSSMAI^ a^HIS^J A^aOl SfilHOPI UIISOI! dBHM 

7HAi£| CHIUAI SE2I AISSOS SIISyig2| Afg^^oS OjOiaCI-^ OjgE S^CK 

aei°S, ggt>S S-Sg SISIJ-M SiOIAjSJ #EH« 7hS2J AISSH ^'SSPI ^|§L AISJW S 
S a^APh S^s teig sH StCh Zl SUKHI CH§HA1^ 0|D| StS ?HAi7h SlU, 01l# MS ^cHSU 
i54-2468S2 SaCHIAI^ As, Bi, Pb, Sb g°l a?llS^S!ili(*5W(i*ff7c#)M §■ SOli tJ-^AI?! oitlUIEI 

i57-158322§: S^OIlAi^ & g2j Mngm y^Oj Mn/SE| U|gg 2,50|St-S tfSS^ AIS #EHS 7^^S^ 

m atj- ct£i ti-stm ^«ii 2*1- aigs e^§s^§^^ 7igoi jHAitisici-. ci^oi, ^b ^tis?n 

i57-89433S: SSCHIAI^ Mn(HI CUSfOI S, Se, Sb, BI, Pb, B Sig Qt.!" .^aj^f :i^,f Ol^^l 
Oie 7|#s TV goiioj gij||E7f =5| x)-^ AIMS eJSIUIEIS Olgi&W SJ-^ ai-i!^ 7I#0|CK [aei-Ai, 

aai-sjas aeiHiEi2i '^im^\ [ijisqii api s^qi 2^ sai s^tili-, s^4' ;?a2| 7is0isi 

ss^gJH iS9-1903242: SSCHIAI^ 1*1- Mlg ^tSAjOII li-iSs 4'Al5f^ 7I#0| ?H 
AlEISi^ai, ^?S2| ai4=&l}|l 37:111 SiCh 

□^(Hl, SB §§^S?H ^59-565222 -SaOIIAI^ Mng 0,08-0,45^, SM 0.007XOISE ti-°:SA*l AIS #EH 

M jmm"^ 'm^\ ?haieioi sin, oiaoii cr^ ^7|*h£sa*i in imm"^ 'm^m mv= i\m\ 

oiH MsjgjH i59-190325s gMW 7HAIEISJQ. 0|M 7iaS 0|i= 510IU S?,* fe^^O^ #SHM 7h^A| 

Bi MnS£i nee ffltich^ aoi sgoia. ziaiu giroi ^ #ehmm^ ^ i.'^poiu aoi a-*foiiAi ai-7| 
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m^^ Eny[ mci^ sisoi sisich 

g '{yjiBiwrnoi ^mm o\^D\ c^ie mm^^w ^62-705212 gswiAi^ oF^a 

^um :i:^Aioii Eg mmm MMt\^ ah^s ^him Rm^i. ti\m EimQ 

^ki ^umn. me^ ^mo\ mrnz}^ ^M7[ ?islu\. ^ mm^ 7\m ^^m 

m ^^m yjsi^i ^.7\^ "ay^Ai^ Emm %'m\^ sioick oim^ hi^ a^^kd! r^ei^ ^st^ 

B ^'^^ 9.x\^ ^m^m 7m^^ m mz^ z'^^m tm. oioiai m^B ^^m 

cm. m\ E^ m om's] l^chi e^i^ ti- i^&f oioiai ±^ ^ei 

E^^H ud^i^^m ^Aiefe ^'^^t.^^ 1^ a^aoii £ioiAi. ^ehm g^ ai. se 

^1 S2J t,^^^ [AM. [Sei m [S] (wt^) ail im m7\ ^(i) ^ ^{zm e,t-^nFi2. Et.f- ^(s) 

^ ^(4)M E^ Ot t[L\- °^^^f-D1. 

[Al(wt^)] +(5/9) {(Se(wt^)] + 2.47 [S(wt^)] } < 0.027 .......(1) 

[Se(wt^)] +2.47 IS(M)] ^ 0.025.................................... ..-(2) 

0.016 < [Al(wt^)] + (5/9) {[Se(wt^)l +2.47 [3(wt^)])- ....... (3) 

0.010 < [AI(wt^)I.... ........(4) 

nEm. 01 mm^m i26o^coiui-^ ymmn. ^ot 8oo*c 014^ looox oi^khiai ^ 

Eti". ^'-■yaEM ^>1ltl-7i ^ItH ^EHM g^ Al [A!] (^'t^):?|- ^Pl ^(5) : 
< 0.020... (5) 

Et.H, aeiiS^I- C : 0.015-^0.070 wt^* S Si : 2.5-4.5 MM ti-^^f-™ M^^'m ^ "e^Z^^^M eh@ g^S 
7\^ lOO^c 0|&^-^ ^EQIIAI tHtf-^ Ail^^^a^^ ?ymm '^mWd ^^ee 4^ S^CK 

oi^mi B ^'^Bj <2imm7m am ^^wi [Hofoi M'^tia, 

^•^^f^^ S-e #EHM^ 7m ^E^ Al^sl-M ^ltl^HI SiOiAI. aSHM i^l-^AI&ll AIN. MrS. MnSeJF 

mm\ nmv ^ ?}mm ^'±M9\^ aie^ ^bh^ei £ioi nEm Mnse. 

^?^m Stl-Alg^^^ Eli&ldlEi^AiBJ AIN, MnS, MnSeM 01!^ SE 3-ri:AI3 Af-7! ^^S] ^-Al^^ 
^ SiEK '^^^oiOl E^ tStl-^EK 

ej^lHiEiS^ AIM MnSe. MnSM ^^01 ^eHMSj oj^lHIEI ^^2^ t,^^lfm 3711 SlFAj^Ch 

E^K, m im ')wm^^^ mm"^^ mmm-se mt.mn^ eitiHia (?^ Mns Mn3e)£(- 

llt^MTtiei eitjldlEI (^^ AIN)M ^AlOil Mm[~ AI^^I-SSQ, aEHM ^]HI^ 200mrn-26GmrfO|J2. 
01^ ^EH^e MM SEei 1200X-^ :?f-^tJ- ^CHI 2.3fnrnIiWI mZ^ aS^K. OlOiAi 53 
M (a) 75Crcx1M. (b) Wcxl^. (c) IGSO^cxIgBj 3gW^ SsW^' ^^S" tl" 0.35niFn 

^-IJiPi-Al ^J^e ^^S^hH. mH. MEI1# ESm. S|g OF°E| efj-SSEK 0111 

>5 olAI ^^e^ A^^ ^EM ^S^hOi D. mm E1-E3WI LfEhtHQ. ElOi gSe 3^301 
(a) 75i?cx1M°! EZ?^ ^2^5 iZjOi (b) 900'cxl^oi HEIII ESDI ISEt- 5 

2jOI (c) 1050^cxl^°l S°2| ^glUl-OIEK 

[)j::?H}j|Ai H^OII #EHM2] Al ti-^e^ ^|o[-j1. g^CHI- mEH^^ Se il S£J tJ-^il^m 6B^ 
^f.^ Se£h SAl^^ nO\ (Se/S=2.47)# II21§h01 Ai^ El^^' ^l^^CK eiolbllEi^ 01 

m[~ Al. Se. ^ MD\tm\ ^0\M OlEm AISQiiAi ^§S?I# =?t\^Il tfe ^"SAI^^ 

d^^tl- ^'fei-OIEK 

El-E3[HIAi. 52iO| 750*cxl^ OiU (c)£| lOSO^CxlMei g^DII^ EH^MH] g 
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( 



.....(4) 



(b) 900^x1^01 ^^CHI^ UEflH^ ZVWVU ^ MEii^e! ^ ^EHM 

^(3) ^ mA)m cHhz ^i-u et^o^. ^oi 2,m^m lost oi^^oi tis^cK 

[Al(wt^)) +(5/9) •{[Se(wt^)l +2,47 [3(wt^:))}:^ 0.027 .......(1) 

[Se(wt^)] +2.47 [S(wt^)] < 0.025 (2) 

0.016 < [Ai(wt^)] + (5/9) {[Se(wt%)] + 2.47 [S(wt%)l)- ...(3) 

0. 010 < [Al(wt^)],..... 

naai -fer^iHj ^b^2.^ ^^tf al se. s yimw ^aieioi ^ a\ 

s!2tAls.^ mm m^wn, n^M. mimi ^i^m %mA\9m '^yi mum^ ai ?m 
M9m 301 gEH°i xiaoisich ^. 2im\Ei ^imoi m[tm m^ti 2n xmsoi ^ym ^'7\ 

ndiLK eoi i^l^ ^^Aioii gti-M ^Ai^i-^ ^•■s^ ah^s Mmm £.mii. u\m\ § 

Q\im gEHBi AI3 :?ia(Hi imm, ti-ss^ ^21-^ ^ti ^^^^ -itm ^'Ai^i-Ai ^^oi- 
j£ AL Se. s loiom sj§tft,f-o^^^ g^o| ^ehm 

□tn. ncm &AjZH°i 510! ^soiqk oisi^ ^'^m m um^ti ^ifoia. 

^01 gsi^h 7^1 a, eAi^i- oi^§[™ ois~ &o! ^^^^iqk # 

EHM 71-^ ^^7\- Hi^ mmn ^iCh CPei-AI AL Se. S ^^01 mi eJtiUlEi 71^01 

ZE^oKHlAi^ [IHCHI Se^^ QAI-SS^Ol S^^ll AIH. 5# ^CHg (*flX*5)0! ^ 

7171 ^QK 01 ^CHil^ =^ 2^1- Mm^ AM 2^1- Slilgij^J XitmQ, imM. -4: 

-o| S# ^CHl^'^P^ 457iAI g^WAI ^EHDIt Hloll ^^>|| A[-7| ^^JM 

m9.t} ?10jCK aeilM 7i-^ ^^71- k^^S igS- i^QI AllloHAP! LEllSDil 5^11-1 ^ItJ- ^ 

= - ^i^efQ. a &^tt (a) 75o*cxiM^ ^^cHiAi^ ^^7^ ^^01- e]^ibJ!Eisi umm 
mo\ mm ^^mt\c[, 

^'7m Ai^M 7i^s. A^7i m^^^ 7wm L^^ ^^my\ mm ^^sai#^ lj^^ o^cqo] g^^^ji ^^^^^ 

01. ^£7^ XiiS^ AI-71 ^^^Oil U\t\^ St^e ^AHsl-Silh □! ^^&1i A^gt[ #BHMa| tf-^^^^^ 
(wt.^)^ QE^ bE. 

(A) Si : 3.15. C : 0.033. Al : 0.014. Se : 0.0110. S : 0.002 

(B) Si : 3.Ce. C : 0.052. Al : 0.017. Se : 0.0070. S i 0.001 

(C) Si ; 3.19. C : 0.038. Al : 0,012. Se : 0.0015. S : 0.001 

(D) SI : 2,90. C : 0,029. Al : 0.025. Se : 0.0080. S : 0.007 

(E) Si : 3. £6. C : 0.041. Ai : 0.005. Se : 0.0060. S : 0.002 

oin. oiEi^t- Ai°^ 3e°^ s^'^^ li^oii Ai^*^#. mm\ ss%^ ^ sm mtm ^Am^ ^ixiaii 

^i-StHIK Om ^EH^M 1200^^ 7h^^f- ^Oii 2.3rfirfiD[-Ai ^gi&f-II. 900^cx1MSJ m'^B ±^ 

o.35nim ^MDm ^stf-^Q. oi 'sy^^ ^^c^^ mm ^37is mmn. 3 ^iie 

E|-27|^ ^Al 7i-3^^ S?i LH&iiAi ^tl-AI^^Ch H l^i-^^^l-H OiOlAi ±^ ^miM 5.:±t[Jl U 

Ai mm oF^Ei ^Ai^f-^CK 01^711 ai-01 Ai^Dii mm ai-^ ^^m ^g§h^Q. n is^ 

EB^^Ei ^Afi(D)[HiAi™ EHg oj-cq^i^ ^Ai^^ ^ LH^ ^Z^ ^^^3^^ Af^ gE^ HCFAI t.^ 

^^[•Al SAiSI. ^AH (A). (B). (C) m {EMAi^ lOO^C Oi&^Hj SZl ^5^*-(>il ^oH Af-^ IE™ ^^-^^1 
4^f-^EK 

□EiU API ^^JM ^f^-^^A|7!7! ?!^[-01 MAm~ 71^^ ^EH¥H SAIOIH. Z'^Am E^ 

a^AiE. nii^ zmiAi^ ^^ &-%Am7[ APi ^^jsj %^m\ ymrnn s^efh ^^^ioi oisf- m 

Oi ^EEM m^m M:^ Z^CHiAi^l AisM ^^^tJ•C^^ ^^SmiAi^ ^ilAiniOl (Sendzlmir) SI^7|-7F |H 
S (tandem) 2i^7\MQ SE^fCK t.^^. ^^J-tf-^^ ^'BM J4^t.m SIOlAi^ 1^ big A^gl 

OlEfe SI^CHiAi ^JZH ^^^M 3!AiDI0i^^7|^ tl*^!^ 51MLi-E IH^ t^t^^ ^Oi ^Ei^fCK 

3EII3 Oieil"HI ei^iHIEi ^MOI HIIHSj ^ ^[)][ [[j-a^ ^M^HCHlAi^. ^'■371^E ^?1i ^A! 

4^ a& lOO^c ^^g&1!Ai Ai-71 ^^Oi #Moi tJ^^^^■E^^ M^Eltl- ^^S^i^LK 01 

51^ ^± ^^BSi M^m Si0iA-l~ ^7i^01CK 

OiHTI! H\R^ A|^(|HS ^••^7|CHiAi ^711 MAm ^ IGD^c gE)^ a^^S Af-7! ^^J0| 

fe^tf^ oisM cH^iiAi^. [:^g2^ m\ a^^^ 4^ sick b ^^oiiAi^ n# m^' ^iim 

0.0085 M SE^ t^^S^e^^ aEHMM Afg^^m ^A\^K AIN NIll- SA|-^£:^ ^'^21 
&^7| 0.0085^ l^OIIAI 0.0164 wt^ 71- O17I01IA1 All ? ^J^IHIEI^ Olg^l-^ m^'^ 

^±m\Ai^ m m[4^m urn ai^ ?ix[^y[ ch^^^ m-sej ai?.^i tisiHLK ^ ^^ssi 
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51 Wj Sill stwifj=,='iaSifijPM*isi&r=m^iis?^^^^^ 

AIE ^711 ^A|7te?t lOO'c SESI s^g JHdAIS ^ ?XQ. 

217^1, #aia2j a^isj o[°i>ii chsfoi Aigm. 

l^^ as ssie ^H^ysi-ii »!• Mmmm atBAi?i^Qi ^esioi, om mw^ ^o\^ 0.015 ntxm 

mm. ^t} m3) s ^(4)i o]ii §m et^^f™ 

[Al(wt^*)] + (5/9) i[Se(wt%)] + £.47 [S(wt^)]}-^ 0.02? (1) 

[Se(wt^)] •*-2.47 [S(wt%)l ^ 0.025.. 

0.016 < [Af(wt^)] H- (5/9) i[Se(wt%)] + 2.47 [3(wt^)]K 
0.010 < [Al(wt^)]... 

Mn ; 0.04-2.0 vt% 

Oil ^s^ioj, om^ ^^m ^mM^ om m o\&m I'fls mm, 2.0 nam a^s wmi xis« 

M: 0.003-0.010 M 

aH.f gl ^^gf^pSI timtm "^T^m, mti\E\S.M AIN. MnSe, MnS £|01[ Cu.. Cr, Sb, Nb, Sn mm J} 
o] IOOOX Oise jllOf *^c^. 
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^ sami ro^s t^^^ szi- ^^oiBf-s ti^tt xy^ iw^-^im si 4^ s^^h^. ihs 

S)^ sWatl^ ^AlShSCh ^^^^ ^^^H^i ^Biie 

g ^--g a^i LH^ a-i ^BHMCHiAl ^^^'l- SOGhlOOO^cej 5101 ^ ^ 1.845T. Wirr« :s 1,360 
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